
i^B! D INTELLECTUAL PROPERTY ORGAN! ZATION^^^fc 

A ^ A \^^p7 International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H04Q 7/30, H04B 7/26 



Al 



(11) Internationa] Publication Number: WO 95/33350 

(43) Internationa] Publication Date: 7 December 1995 (07.12.95) 



(21) International Application Number: PCT/US95/01045 

(22) International Filing Date: 27 January 1995 (27.01.95) 



(30) Priority Data: 

08/251,914 



1 June 1994 (01.06.94) 



US 



(71) Applicant: AIRNET COMMUNICATIONS CORP. [US/US]; 

100 Rialto Place, Melbourne, FL 32901 (US). 

(72) Inventors: CARNEY, Ronald, R.; 916 Flower Street, N.W., 

Palm Bay, FL 32907 (US). WILLIAMS, Terry, L.; 204 
Ash Avenue, Melbourne Beach, FL 32951 (US). 

(74) Agents: CESARI, Robert, A. et al.; Cesari & McKenna, 30 
Rowes Wharf, Boston. MA 021 10 (US). 



(81) Designated States: AM, AU, BB, BG. BR, BY, CA, CN, CZ, 
FI, GE, HU, JP, KG, KP, KR, KZ, LK, LT, LV r MD, MG, 
MN, MX, NO, NZ, PL, RO t RU, SI, SK, TJ, TT, UA, UZ, 
VN, European patent (AT, BE, CH, DE, DK, ES, FR, GB, 
GR, IE, IT, LU, MC, NL, FT, SE), OAPI patent (BF, BJ, 
CF, CG, CI, CM, GA t GN, ML, MR, NE, SN, TD, TG), 
ARIPO patent (KE, MW, SD. SZ). 



Published 

With international search report. 



(54) Title: WIDEBAND WIRELESS BASESTATION MAKING USE OF TIME DIVISION MULTIPLE-ACCESS BUS TO EFFECT 
SWTTCHABLE CONNECTIONS TO MODULATOR/ DEMODULATOR RESOURCES 




A wireless communication system basestation making use of a wideband, multichannel digital transceiver having incorporated therein 
a time division multiple-access (TDM) bus for providing digital samples of a plurality of wireless communication channels, wherein the 
TDM bus is used as a crossbar switch to permit dynamic allocation of modulator and demodulator signal processing resources. The 
invention allows various air interface standards, even those having different channel bandwidths, to be serviced by the same basestation, 
with automatic redistribution of signal processing resources, eliminating the need to reconfigure the basestation when the loading of different 
types of wireless signaling traffic changes. 



BNSDOCID: <WO 9533350A1_I_> 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cdte d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











BNSDOCID: <WO 9533350A1_I_> 



WO 95/33350 J^fc /J^fe PCTYUS95/01045 



WIDEBAND WIRELESS BASES TAT I ON MAKING USE OF TIME DIVISION 
MULTIPLE- ACCESS BUS TO EFFECT SWITCHABLE CONNECTIONS TO 
MODULATOR /DEMODULATOR RESOURCES 



FIELD OF THE INVENTION 

This invention relates generally to communication 
5 networks, and in particular to a wireless communication system 

basestation making use of a wideband, multichannel digital 
transceiver having incorporated therein a time division 
multiple-access (TDM) bus for providing digital samples of a 
plurality of wireless communication channels, wherein the TDM 
10 bus is used as a cross-bar switch to permit dynamic allocation 

of modulator and demodulator signal processing resources . 

BACKGROUND 

The basestations used by the providers of current day 

is multiple channel wireless communication services, such as 

cellular mobile telephone (CMT) and personal communication 
systems (PCS), typically designate signal processing equipment 
for each single receiver channel. This is probably a result of 
the fact that each basestation is configured to provide 

20 communication capability for only a limited predetermined 

number of channels in the overall frequency spectrum that is 
available to the service provider. 

A typical basestation may thus contain several racks of 
equipment which house multiple sets of receiver and transmitter 

25 signal processing components that service a prescribed subset 

of the available channels. For example, in an Advanced Mobile 
Phone Service (AMPS) cellular system, a typical basestation may 
service a pre-selected number of channels, such as 48, of the 
total number, such as 416, of the channels available to the 

30 service provider. 
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Certain types of wireless service providers would .prefer, 
however, to employ equipment that would be more flexible, both 
in terms of where it can be located, as well as in the extent 
of the available bandwidth coverage provided by a particular 
s transceiver site . This is particularly true in rural areas 

where cellular coverage may be concentrated along a highway, 
and for which the limited capacity of a conventional 48 channel 
transceiver may be inadequate. This may also be true in other 
instances , where relatively large , secure , and protective 

io structures for multiple racks of equipment are not necessarily 

available or cost effective , such as for PCS applications . 

One way to resolve this difficulty is to implement a 
bases tat ion transceiver us ing a high speed ana log -to-digital 
(A/D) converter and equipment which makes use of efficient 

is digital filtering algorithms such as the Fast Fourier Transform 

(FFT) , to separate the incoming signal energy into multiple 
ones of the desired channels. On the transmit side, this 
bases tat ion implementation includes an inverse FFT processing 
combiner which outputs a combined signal representative of the 

20 contents of the communication channel signals processed 

thereby. In this manner, relatively compact, lightweight, 
inexpensive , and reliable digital integrated circuits may be 
used to cover the entire channel capacity offered by the 
service provider, rather than only the subset of the available 

25 channels. For a more detailed description of such a system, 

please refer to our co-pending United States patent application 
entitled "Transceiver Apparatus Employing Wideband FFT 
Channelizer with Output Sample Timing Adjustment and Inverse 
FFT Combiner for a Multichannel Communication Network" filed 

30 April 8, 1994 and which is assigned to Overture Systems, Inc., 

the assignee of this application . 

Thus unlike prior art basestations , the wideband digital 
basestation is capable of receiving any channel . While this 
provides a certain number of advantages as described above , it 

35 also poses a number of unique problems to the service provider . 

Perhaps most importantly , there exists a need to 
efficiently support a varying number of active channels and the 
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■required connections into the public switched telephone 
network. 

These connections should be made in such a way as to 
simplify call control. Indeed, it would be desirable for as 
many of the call set up control functions required by such a 
basestation were handled to the maximum extent possible by the 
basestation itself . 

By so simplifying the network interface, the Mobile 
Telephone Switching Office (MTSO) and/or Mobile Switching 
Center (MSC) through which the basestation is connected to the 
Public Switched Telephone Network (PSTN) may be freed, as much 
as possible, from the details of maintaining a proper 
connection from the PSTN to the remote subscriber unit. 

Secondly, the basestation should make efficient use of the 
available resources to process each call. in particular, while 
the wideband channelizer separates the signals into channels, 
certain other signal processing resources such as demodulators 
and modulators are also required. 

Using the wideband front end, any channel in the bandwidth 
available to the service provider is available at any time. 
However, it is desirable for such a basestation to only 
activate as many of the other, per-channel resources as is 
required to support the present call density. 

By making the bases tat ion ' s implementation of call 
processing resources as modular as possible, the basestation 
could initially be configured to support a limited number of 
channels. Then, as the demand for services grows, additional 
channels could be supported by the addition of the necessary 
resources . 

In other instances, the basestation should be 
reconf igurable in the event of an interruption or expansion in 
one type of service. For example, given the emergence of 
several air interface standards such as code division multiple 
access (CDMA) as well as time division multiple access (TDMA) 
standards for cellular, it is desirable for a given wideband 
basestation to be able to support each such standard, thereby 
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reducing the number of such basestations that need to be 
deployed. However, it would be desirable if the resources 
allocated to one particular air interface, when no longer 
needed, could then be made available to process signals 
5 formatted using the other air interface. That is, as the 

demands of one type of service or the other come and go, the 
basestation should be automatically reconfigured . 

Thus, several difficulties exist with a wideband digital 
basestation that can process at any time , any one of many 
io channels in the RF bandwidth available to a service provider . 

SUMMARY OF THE INVENTION 
Briefly, the invention is a wideband transceiver 
basestation for a wireless communication system. The receiver 

is portion of the basestation includes a digital channelizer which 

provides digital samples of multiple wireless channel signals, 
and a time division multiplexed (TDM) data bus to provide 
switching functionality between the various channel outputs and 
other basestation receiver resources such as digital 

20 demodulators . 

On the transmitter side, basestation signal processing 
resources such as digital modulators are also connected to a 
multichannel digital combiner over the TDM bus. Thus, the same 
flexibility in switching functionality is provided between 

25 transmitter signal processing resources and the transmitter 

channel inputs . 

More particularly, the wideband basestation transceiver 
includes a receive antenna and one or more digital tuners that 
provide wideband digital signal energy to a digital 

30 channelizer. The digital channelizer, in turn, produces a 

plurality of channel signals, with each channel signal 
representing the signal energy in one of the radio frequency 
channels. The channel signals each consist of a series of 
digital samples . 

35 The digital samples of each channel signal are, in turn, 

connected to a time division multiplex (TDM) bus. A 
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•basestation controller grants access to the TDM bus by each 
channel signal in a predetermined times lot, in a predetermined 
order. 

The samples of the digital channel signals are then 
forwarded to an available one of the associated receiver 
resources, such as a demodulator. The demodulators, typically 
implemented in a digital signal processor (DSP), are then 
connected to an outgoing landline such as a Tl line to a 
telephone switching office (MTSO) or mobile switching center 
(MSC) for further connection into the PSTN. 

As a result of the switching functionality provided by the 
TDM bus, the basestation controller is thus capable of 
assigning receiver resources dynamically, to any channel, at 
the time the channel becomes active. 

The invention provides other advantages as well. 
For example, the invention allows various air interface 
standards, even those having different channel bandwidths, to 
be serviced by the same basestation. For example, the 
basestation may efficiently service both code division multiple 
access (CDMA) and time division multiple access (TDMA) signals 
at the same time. In such an arrangement, there are at least 
two digital channelizers , with one allocated to separating the 
incoming RF energy into the channel bandwidths required by 
TDMA, and another channelizer dedicated to separating the 
energy into the bandwidth required by CDMA. As the channels 
are activated, they are then serviced by the pool of 
demodulator resources, by allocating the correct number of 
additional time slots to accommodate each standard. 

If, for example, a wideband CDMA mobile unit goes off 
line, the timeslots as modulators and demodulators freed 
thereby can be allocated to processing TDMA signals. This 
results in automatic on-demand redistribution of basestation 
resources to one signaling standard or another, without 
intervention by an MTSO, MSC, or the service provider in any 
way. . 

Such a system architecture also exhibits scalability, in 
the sense that additional DSP processors may be added to 
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support additional channels as traffic increases, without 
having to change the RF front configuration. This is unlike 
the prior art, where each basestation had a fixed channel 
allocation, and, to add capacity, one must add additional 
5 narrowband receivers and transmitters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a fuller understanding of the advantages provided by 
the invention, reference should be had to the following 
io detailed description together with the accompanying drawings, 

in which: 

Fig. 1 is a block diagram of wideband digital basestation 
making use of a time division multiplex (TDM) bus according to 
the invention; 

is Fig. 2 is a more detailed block diagram showing 

addressable bus drivers and receivers which permits access to 
the TDM bus ; 

Fig. 3 is a detailed diagram of an addressable bus driver 
using a dual-port random access memory (DP-RAM); 
20 Fig. 4 is a detailed diagram of an addressable bus driver 

using a first-in, first-out (FIFO) memory; 

Fig. 5 is a detailed diagram of an addressable bus 
receiver using a FIFO; 

Fig, 6 is a detailed diagram of an addressable bus 
25 transmitter using a FIFO; 

Fig. 7 is a sequence of operations performed by a 
basestation control processor in setting up a connection; and 

Fig. 8 is an alternate embodiment of the invention making 
use of multiple tuners and channelizers to support multiple air 
30 interface standards while making maximum use of basestation 

resources . 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Fig. 1 is a block diagram of a wideband wireless digital 
35 basestation 10 according to the invention. Briefly, the 

basestation 10 consists of a receive antenna 11, one or more 
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•wideband digital tuners 12, one or more digital channelizers 
14, a time division multiplex (TDM) bus 16, a control bus 17, a 
plurality of digital signal processors (DSPs), a first subset 
of which are programmed to operate as demodulators 18-1-1, 18- 
1-2 , . . . , 18-1-P (collectively, demodulators 18-1); a second 
subset of which are programmed to operate as modulators 18-2- 
1, 18-2-2, . 18-2-Q; and a third subset 18-u of which are 
presently idle, transport signal (T-l) encoder 20, a T-l 
decoder 22, one or more digital combiners 24, one or more 
wideband digital exciters 26, a power amplifier 28, a transmit 
antenna 29, a basestation control processor (controller) 30, 
and a TDM synchronization clock generator 32. 

More particularly, the basestation exchanges radio 
frequency (RF) signals with a number of mobile subscriber 
terminals (mobiles) 40a, 40b. The RF carrier signals are 
modulated with voice and/or data (channel) signals which are to 
be coupled to the public switched telephone network (PSTN) by 
the basestation 10. The particular modulation in used may be 
any one of a number of different wireless (air interface) 
standards such as the well known Advanced Mobile Phone Service 
(AMPS), time division multiple access (TDMA) such as IS-54B, 
code division multiple access (CDMA) such as IS-95, frequency 
hopping standards such as the European Groupe Speciale Mobile 
(GSM), personal communication network (PCN) standards, and the 
like. Indeed, in a manner that will be described below, the 
basestation 10 may even be configured to simultaneously process 
RF signals formatted according to more than one such air 
interface at the same time. 

On the receive side (that is, with respect to the 
basestation 10), RF modulated signals are first received at the 
receive antenna 11, and forwarded to the wideband digital tuner 
12. The digital tuner 12 downconverts the RF signal received 
at the antenna to a intermediate frequency (IF) and then 
performs an analog to digital (A/D) conversion to produce a 
digital composite signal 13. 

Digital tuner 12 is wideband in the sense that it covers a 
substantial portion of the bandwidth available to the wireless 
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service provider who is operating the basestation 10. For 
example, if the air interface implemented by the basestation 10 
is IS-54B, the wideband digital tuner may downconvert as much 
as a 12.5 MegaHertz (MHz) bandwidth in the 800-900 MHz range 
which contains as many as 416 receive and transmit channel 
signals, each having an approximately 30 kiloHertz (kHz) 
bandwidth. 

The digital channelizer 14 implements a channel bank to 
separate the downconverted composite digital signal 13 to a 
plurality, N, of digital channel signals 15. 

This digital sampled signal is then further filtered to 
separate it into the individual 30 kHz channel signals. The 
digital channelizer 14 can thus be considered as a bank of 
digital filters with each filter having a 30 kHz bandwidth. 
The digital channelizer 14 may implement the filter bank using 
any of several different filter structures, and no particular 
digital filter structure is critical to the operation of the 
invention. 

However, our co-pending United States patent application 
entitled "Transceiver Apparatus Employing Wideband FFT 
Channelizer with Output Sample Timing Adjustment and Inverse 
FFT Combiner for a Multichannel Communication Network" filed 
April 8, 1994 and which is assigned to Overture Systems, Inc. 
the assignee of this application describes several particular 
embodiments of the digital tuner 12 and digital channelizer 14 
in detail. 

In any event, the channelizer 14 provides N individual 
digital channel signals 15, wherein each of the N outputs 
represent information in one of the radio frequency channels 
originated by the mobile 40. Usually, one-half of the 
channels are used for transmitting signals and one-half for 
receiving signals. Thus, in the IS-54B example being 
described, N is 208, and thus there are 208 receive and 208 
transmit channels implemented by the basestation 10. 

These N digital channel signals are then provided over the 
time division multiplex (TDM) bus 16 to a plurality of digital 
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. signal processors (DSPs) 18-1-1, 18-1-2, . .., 18-1-p 
(collectively, demodulator-DSP 18-1). In a manner that will 
be understood in greater detail shortly, the TDM bus 16 
operates as a time division multiplexed cross-bar switch. That 
is, any one of the N digital channel signals 15 may be 
connected to any one of the demodulator DSPs 18-1 via the TDM 
bus 16. 

The DSPs 18-1 are each programmed to remove the modulation 
on each channel signal 15 specified by the air interface 
standard. There typically is not a one-to-one correspondence 
between the number of DSPs 18-1 and the number of channel 
signals, N, provided by the channelizer 14. For example, the 
DSPs may each process a number, such as 24, of digital channel 
signals 15 at the same time. 

The basestation controller 30, using the VME bus and TDM 
synchronization clock generator 32, manages access by 
individual digital channel signals 15 to the TDM bus 16, in a 
manner that will be described shortly. 

The outputs of the digital signal processors 18-1, 
representing demodulated audio or data signals, are then 
forwarded over the VME bus 17 to the encoder 20. The VME bus 
17 is a well known industry standard relatively high frequency 
bus for interconnecting digital processors and components. 

The encoder 20, in turn, reformats the demodulated signals 
as necessary for transmission to a local Mobile Telephone 
Switching Office (MTSO) . The demodulated signals may be 
reformatted according to any one of a number of well-known time 
multiplex telephone signal transport protocols, such as the so- 
called Tl span (or El). The Tl signals are then processed by 
the MTSO in an known fashion, to ultimately complete a 
telephone call from the subscriber unit 40 to a desired 
destination, such as another telephone subscriber who is 
connected to the Public Switched Telephone Network (PSTN) . 

Since each Tl span has a limited capacity, there may be 
more than one Tl signal necessary to accommodate all of the 
channels serviced by the basestation 10. In the example being 
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discussed, each Tl signal may be formatted to carry up to 96* 
IS-54B bandwidth-compress signals to the MTSO, assuming that 
the demodulated signals remain as compressed audio. Thus, as 
few as five Tl lines can be used to carry all of the 416 
5 transmit and receive channels. When not all of the channels 

are busy, however, on as many of the Tl line resources as are 
necessary are connected to the MTSO, in a manner that will be 
understood shortly . 

In other words, the demodulated signals output by the DSPs 

io 18-1 may each be sub-rate (e.g., sub-DSO frequency signals) 

which still contain additional encoding other than the air 
interface standard, such as impressed by a bandwidth 
compression scheme, which is not removed by the basestation 10. 
Rather, to minimize the required number of time slots used by 

is the Tl signals, such compression may be removed at the MTSO . 

The signal flow on the transmit side of the basestation 10 
is analogous. Signals are received from the MTSO and provided 
to the Tl decoder 22, which removes the Tl formatting. 

The unformatted Tl signals are then coupled to the DSPs 18 

20 over the bus 17. A subset of the DSPs 18-2-1, 18-2-2, , 18- 

2-Q (collectively, modulators 18-2) then modulate these 
signals and presents them to the TDM bus 16. Ultimately, these 
are then each coupled to one of the N digital channel signals 
23 input to the combiner 24. As was true in the receive 

25 direction, being a cross-bar swtich, the TDM bus 16 permits any 

one of the modulator DSPs 18-2 to be connected to any one of 
the channel signal inputs 23. 

Although each modulator DSP 18-2 typically processes 
multiple channel signals, each such channel signal generated by 

30 the modulator DSP 18-2 is typically assigned one or more unique 

time slots on the TDM bus 16, with no two channel signals thus 
occupying the same time slot. Similarly, no two channel 
signals on the receive side ever occupy the same timeslot on 
the TDM bus 16 . 

35 Other DSPs 18-u may be unused at a particular point in 

time. However, these unused DSPs remain as an available 
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resource to the basestation 10, should a new mobile 40 request 
access. The manner in which DSPs are allocated at the time of 
setting up a call will be described in detail below. 

The digital combiner 24 combines the TDM bus outputs to 
produce a composite IF digital signal 25 representing the N 
channels to be transmitted. The digital combiner 2 4 then feeds 
this combined signal to a digital exciter 26, which generates 
an RF. signal 27. This RF signal 27 is then amplified by the 
power amplifier 28 and fed to the transmit antenna 29. 

A more detailed description of the digital combiner 24 and 
wideband digital exciter 26 is contained in the above-mentioned 
co-pending patent application. 

In order to set up each call, the basestation control 
processor 32 must exchange certain control information with 
the MTSO. For example, when a mobile unit 4 0 wishes to place a 
call, the mobile unit 40 indicates this by transmitting on one 
or more control signal channels- These control signals may be 
exchanged in one of several ways. As shown, the control 
signals may be in-band or out of band signals present in one or 
more of the channel signals output by the channelizer 14 or 
input to the combiner 24. Alternatively, a separate control 
signal transceiver 35 may be used to receive and transmit such 
control signaling . 

In either event, the basestation 10 forwards the request 
for access by the mobile 40 to the MTSO, to set up the end to 
end connection. Upon receiving an indication from the MTSO 
that the connection can be made at the remote end, the 
basestation 10 then performs a number of steps, to insure that 
the appropriate data path through the TDM bus is then enabled 
to support communication with between the newly enabled mobile 
4 0 and the MTSO. 

For example, the MTSO typically returns a pair of Tl span 
line and Tl time slot identifiers. These inform the 
basestation controller 30 on which outgoing Tl line and time 
slot to place the received signal, and on which incoming Tl 
line and time slot it can expect to obtain the transmit signal 
for the mobile 40. 
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However, before proceeding with a detailed explanation- of 
this call set-up process, a bit more detail of the operation of 
the TDM bus 16 will be provided. As shown in Fig, 2, the 
digital channelizer 14 consists of a convolutional digital 
s filter 140, a fast Fourier transform (FFT) 142, as well as a 

TDM dual port (DP) driver 144, 

The operation of the convolutional filter 140 and FFT 142 
is not critical to the present invention, and is explained in 
the co-pending application. It is sufficient here to say that 
io the convolutional filter 140 and FFT 142 make use of multirate 

digital signal processing techniques, such as overlap and add 
or polyphase, to efficiently implement a digital filter bank by 
(1) grouping samples of the downconverted signal 13 together 
and multiplying them by a weighting function, and then (2) 
is forwarding them to the FFT 142 for conversion into the N 

individual channel signals. 

An exemplary DSP demodulator 18-1-1 and modulator 18-2-1 
are also shown in Fig. 2. The demodulator DSP 18-1-1 includes 
a TDM first-in first-out (FIFO) driver 180-1, a TDM FIFO 
20 receiver 182-1, a DSP central processing unit 184-1 and program 

memory 186-1. Similarly, the modulator DSP 18-2-1 includes a 
TDM FIFO driver 180-2, a TDM FIFO receiver 182-2, a DSP central 
processing unit 184-2 and program memory 186-2. 

Indeed, the modulator and demodulator DSPs may share the 
25 same hardware architecture, with the only difference being the 

in the program which is enable in the program memory 186, which 
in turn may control whether the TDM receiver or TDM driver 
hardware is enabled. 

Thus, in the DSP demodulator 18-1-1, only the TDM receiver 
30 182-is enabled (as indicated by the dashed lines around the 

driver 180-1), since the demodulator 18-1-1 only receives data 
from the TDM bus 16. Likewise, only the TDM driver 180-2 is 
enabled in the DSP modulator 18-2-1, since it only transmits 
data on the TDM bus 16. 
35 On the transmit side, the digital combiner 24 consists of 

a TDM dual port (DP) receiver 244, an inverse FFT 242, and 
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•deconvolutional digital filter 24 0. In a manner that is 
described below, the TDM DP receiver 244 reads each of the data 
samples off the TDM bus 16 in their assigned time slot, and 
provides them to the inverse FFT 24 2 in the required order. 

The samples are then operated on by the inverse FFT 242 
and deconvolutional filter 24 0, to provide the composite 
digital signal 25 (Fig. 1). Again, further details of the 
operation of the inverse FFT 242 and deconvolutional filter 240 
are not necessary here, and they are discussed in the co- 
pending patent application should the reader be interested. 

Returning attention now to the channelizer 14, a detailed 
diagram of the TDM DP driver 144 is shown in Fig. 3. Briefly, 
it operates to assert the output samples from the FFT 142 in 
the proper time slots on the TDM bus 16. In order to simply 
the implementation of the TDM bus 16, these time slots are 
fixedly assigned to particular channels (such as in ascending 
order by frequency and time slot number). Thus, a sample of a 
given one, k, of the N channel signals, will always appear in a 
particular time slot, k, when it is active. 

The DP driver 144 consists of a TDM slot counter 200, a 
first Dual Port Random Access Memory (DP-RAM) referred to as 
the enable DP-RAM 202, a second DP-RAM referred to as the data 
DP-RAM 204, and a driver 208 having an enable input EN. 

As is conventional, each of the DP-RAMs have two separate 
address and data ports for reading and writing data, namely, 
input address and data ports AI and DI, and output address and 
data ports AO and DO. 

In operation, the TDM slot counter 200 receives a pair of 
signals generated by the TDM synchronization circuit 32 (Fig. 
1). The first signal, TDM CLK, is a digital clock signal 
identifying the clock periods, or time slots, on the TDM bus 
16. The second signal is a TDM FRAME SYNC signal, indicating 
when a new frame starts on the TDM bus 16. 

The TDM slot counter 200, which is a standard digital 
counter, receives the TDM FRAME SYNC signal at a reset input R, 
and the TDM CLK signal at a clock input (denoted by a chevron 



9533350A1_I_> 



WO 95/33350 




PCTAJS95/01045 



-14- 



in the Figures). Thus, the TDM slot counter 200 continuously 
keeps track of which consecutively numbered slot on the TDM bus 
16 is presently active. 

The enable RAM 202 generates an enable signal 203 
indicating when the TDM DP driver 144 may assert data on the 
TDM bus 16. The AI and DI inputs to the enable DP-RAM 202 are 
typically written into by the basestation controller 30 during 
the process of setting up a new call. In particular, as shown 
in the table depicting the contents of the enable DP-RAM 202, a 
location in the RAM is associated with each time slot on the 
TDM bus 16 (e.g., if the TDM bus contained 512 time slots, then 
the RAM 202 has 512 locations). 

A logical " 0 " in the associated enable DP-RAM 202 location 
indicates that the TDM driver is inactive in the time slot, 
that is, no data is to be asserted at that time. A logical 1 
in the associated location indicates that the time slot has 
been assigned to this particular TDM driver 144. 

Thus, to enable a connection through the TDM bus 16, one 
step for the basestation controller 30, via the VME bus 17, is 
to write a logical 1 into the DP-RAM 202 location "x M 
associated with the newly enabled digital channel signal "x". 
In the example, shown, a "1" has been written at locations "27" 
and "30", indicating that this particular TDM driver 144 is now 
active in timeslot numbers 27 and 30. 

The data DP-RAM 204 acts as a buffer, writing the digital 
channel signal samples output by the FFT at the DI input of the 
data DP-RAM 204. The DP-RAM 204 then stores the data samples 
until addressed by the TDM slot counter at the output side. 

A data dual port (DP) RAM 204 is as a buffer in the case 
of processing the FFT output. This is because although the 
samples do come in bursts, or frames, the samples are not 
necessarily provided by the FFT 142 in the same order as they 
must be output onto the TDM bus 16. This is a particular 
phenomenon of at least one of the channelizer algorithms used. 
Thus, an address associated with each output sample from the 
FFT is used to determine at which location each sample is 
written in the data DP-RAM 204. 
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However, the input data is already in the correct order 
for the TDM FIFO driver 180-2 used by the DSP modulator. Such 
a TDM driver 180-2 can thus use a first-in first out memory 
(FIFO) 210 in the place of a data DP-RAM. As shown in Fig. 4, 
the configuration and operation of such as TDM FIFO driver 180- 
2 is somewhat similar to the DP driver 144. 

In particular, the TDM slot counter 200, enable DP-RAM 202 
and driver 2 08 operate in the same way as for the embodiment of 
Fig. 3. The only difference is in the connection of the clock 
signals to the FIFO 210. On the input side, a clock signal is 
provided by the data source (e.g., the DSP processor 184-2) to 
cause data to be stored in the FIFO. The signal from the enable 
DP-RAM 202 is used to clock the FIFO output, DO. 

A detailed diagram of the TDM FIFO receiver 182-1 is shown 
in Fig. 5. It includes a TDM slot counter 200, enable DP-RAM 
202, bus receiver 212, and FIFO 214. The TDM slot counter 200 
and enable DP-RAM 202 operate as for the TDM FIFO driver 180-1 
shown in Fig. 4, to identify when the receiver 212 is to be 
active. The FIFO 214 is connected to the output of the 
receiver 212, having its input port connected to the enable DP- 
RAM 202 output. The output side of the FIFO is clocked as 
needed by the destination for the data (such as the DSP 
processor 184-1 in Fig. 2). 

The TDM DP receiver 244 is shown in detail in Fig. 6. As 
for each of the other driver/receivers, it includes a TDM slot 
counter 200, enable DP-RAM 202. It includes a data DP-RAM 220 
operating similarly to the data DP-RAM in the TDM DP driver 144 
(Fig. 3) and bus receiver 218. 

With this background in mind, the details of how the 
basestation control processor 30 effects the switching 
operation of the TDM bus 16 can now be better understood. 

Fig. 7 is a flowchart of these operations. This sequence 
of steps is initiated (step 300) when the basestation 
controller 3 0 receives control signals from the mobile 4 0 (Fig. 
1) indicating that the mobile wishes to have access to the 
PSTN. The controller 30 then determines whether a free 
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transmit and receive frequency ( step 302 ) are available among 
the N channels. 

An available modulator DSP and demodulator DSP resource 
are then identified (step 303) by examining a list 33 of free 
5 DSP resources maintained in a memory portion 31 of the 

basestation controller 30 (Fig. 1). The list 33 is updated by 
removing the two DSPs once allocated. 

Access to an MTSO Tl channel (e.g., access to one or more 
Tl time slots as needed on a particular Tl span line ) is then 
io requested from the MTSO by issuing the appropriate MTSO control 

signaling (step 304). The MTSO then returns Tl span and time 
slot identifiers to be used for the transmit and receive 
channels for this connection . 

In the next step (306), the appropriate destination and 
is source information is written into the various TDM bus drivers 

and receivers . 

In particular, given a receive channel identification, a 
receive channel signal time slot on the TDM bus is thus 
identified. The corresponding location of the enable DP-RAM 

20 202 in the TDM DP driver 144 associated with this time slot is 

then set to a logical 1 in the manner already described. 

Next, a logical " 1 " is also written into the enable DP-RAM 
in the TDM receiver 182-1 associated with the DSP demodulator 
18-1 which was identified as being an available resource. If 

25 the per-channel bandwidth is greater than that which can be 

supported by a single timeslot, then a sufficient number of 
logical "T's are written into the appropriate locations. 

Also, now given a transmit channel identification, the 
free DSP modulator 18-2 is enabled (step 306) to use the TDM 

30 bus 16, by writing a logical "1" into the enable DP-RAM of the 

TDM driver 180-2 connected to the available one of the DSP 
modulators 18-2. To complete the connection, a logical 1 is 
also written into the location of the TDM DP receiver 244 
associated with the identified transmit channel. 

35 Finally (step 308), the basestation controller 30 issues 

control signals to the mobile 40 and MTSO to indicate that the 
connection has been set up. 



BNSOOCID: <WO 9533350A1J_> 



WO 95/33350 PCT/US 95/0 1045 

-17- 



15 



20 



The invention can also be used to advantage in 
implementing a basestation 10 which simultaneously services 
mobiles 40 which use different air interface standards. That 
is, the basestation 10 may at the same time process signals 
from a first mobile 40a which uses TDMA (IS-54B) signaling, as 
well as a second mobile 40b which uses CDMA signaling (IS-95). 

As shown in Fig. 8, to support this implementation, the 
basestation 10 includes a pair of wideband digital tuners 12-1, 
12-2. The first digital tuner 12-1 downconverts a bandwidth, 
such as 5 MHz, from an RF bandwidth which is occupied by TDMA 
signals. A second digital tuner section 12-2 downconverters a 
bandwidth, such as 7.5 MHz, which is occupied by CDMA signals. 

Next, the tuners 12-1, 12-2 forward the downconverted 
signals to respective channelizers 14-1, 14-2. The TDMA 
channelizer 14-1 is configured to separate the received signal 
into the 30 kHz bandwidth channels specified by IS-54B. 
Likewise, the CDMA IS-95 channelizer 14-2 is configured to 
provide 1.25 MHz channels as specified by that standard. 

The modulators and demodulators are then grouped according 
to the air interface modulation they must deal with. For 
example, at any given instant in time, a certain number of DSPs 
18-1-T will have been allocated to operate as demodulators for 
the TDMA channels provided by the TDMA channelizer 14-1. A 
different set of DSP processors 18-1-C will be serving as ' 
25 demodulators for the CDMA channels provided by the CDMA 

channelizer 14-2. The active modulator DSPs will likewise be 
so allocated* 

Thus, assuming that each of the DSPs 18 can be configured 
to execute either a TDMA modulation/demodulation program or a 
30 CDMA modulation/demodulation program by simply accessing the 

correct program memory, the available DSP resources are only 
allocated as needed. 

In other words, the DSPs (and associated Tl connections, 
for that matter) are allocated according to user demand 
automatically, and without intervention by the service 
provider. Thus, for example, as more customers migrate to 
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using CDMA, additional CDMA channels are automatically made ' 
available and processed by the DSPs, at the expense of the 
unused TDMA channels. 

A number of advantages can now be see for a basestation 10 
configured according to the invention. By disposing the TDM 
bus 16 between the output of the wideband digital channelizer 
14 and the demodulator DSPs 18-1, the demodulator DSPs 18-1 may 
be allocated only as needed. Similarly, the modulator DSPs 18- 
2 are allocable as needed, since the TDM bus 16 is disposed 
between them and the digital combiner 24 as well. 

Thus, if the basestation 10 is expected to service only a 
small number of channels, a correspondingly small number of 
modulator and demodulator DSPs can be installed in the 
basestation 10. As the basestation ' s demands increases, these 
additional RF channels can be serviced by simply adding more 
DSPs, and without having to reconfigure the RF front end. 

Another advantage is provided in that this switching 
functionality is distributed at the basestation level as much 
as possible. In particular, unlike certain prior cellular 
signal switching techniques, the MTSO need not be concerned 
with the details of how the mobile units 4 0 are connected 
through the basestation. Indeed, the MTSO need not even know 
or care about which transmit and receive frequencies have been 
assigned to a particular mobile. All the MTSO need provide is 
identification of a Tl transport line and time slot on which it 
expects to receive and provide signals from and to the mobile. 

Furthermore, because the basestation may efficiently 
allocate its demodulator /modulator resources, a number of 
different air interface standards may be supported by the 
basestation at the same time, without the need to determine in 
advance an exact plan for allocating receiver /transmitter 
resources for each air interface type. Upon detecting a 
request by a new mobile for access, the basestation simply 
determines the type of air interface used by the mobile, and 
then signals the appropriately programmed DSPs, or even 
initiates the DSPs to run a different modulator /demodulator 
program, as required to support the additional mobile. 
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While we have shown and described several embodiments in 
accordance with the present invention, it is to be understood 
that the invention is not limited thereto, but is susceptible 
to numerous changes and modifications as known to a person 
skilled in the art, and we therefore do not wish to be limited 
to the details shown and described herein but intend to cover 
all such changes and modifications as are obvious to one of 
ordinary skill in the art. 
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CLAIMS 



1. A basestation for processing signals in a multiple 
mobile subscriber unit wireless communication system 
comprising : 

an antenna for receiving signals from a plurality of the 
mobile units as a composite radio frequency (RF) signal; 

wideband digital tuner means, connected to the antenna, 
for downconverting a selected bandwidth of the RF signal to an 
intermediate frequency (IF), and for performing an analog to 
digital conversion on the IF signal, to provide a wideband 
digital tuner output signal; 

digital channelization means, being connected to receive 
the wideband tuner output signal, and providing multiple 
digital channel signal outputs, each digital channel signal 
output having a predetermined channel bandwidth, and each 
digital channel signal corresponding to one of the signals 
received from one of the mobile units; 

a plurality of digital signal processing means, for 
providing digitally processed channel signal outputs; and 

time division multiplex switching means, disposed between 
the multiple digital channel signal outputs and the plurality 
of digital signal processing means, the switching means for 
interconnecting any one of the multiple digital channel signal 
outputs to any one of the plurality of digital signal 
processing means. 

2. The basestation of claim 1 wherein the signals 
received from the mobile units contain air interface 
modulation, and the digital signal processors include 
demodulators td remove the air interface modulation. 

3. The basestation of claim 1 additionally comprising: 
signal-transport encoding means, connected to the output 

of the digital signal processing means, for encoding the 
digitally processed channel outputs for further transmission to 
a mobile telephone switching office (MTSO). 
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4. The basestation of claim 3 wherein the signal- 
transport encoding means is a Tl encoder. 

s 5. The basestation of claim 1 additionally comprising: 

second digital channelization means, being connected to 
receive the wideband tuner output signal, and providing a 
second set of multiple digital channel signal outputs, each one 
of the second set of the digital channel signal outputs having 
io a predetermined channel bandwidth which is different from the 

predetermined channel bandwidth of said above mentioned first 
digital channel signals, and each one of the second set of 
digital channel signals corresponding to one of the signals 
received from one of the mobile units. 

15 

6. The basestation of claim 1 additionally comprising: 
second wideband tuner means, connected to the antenna, for 
downconverting a second selected bandwidth of the RF signal to 
a second intermediate frequency (IF), and for performing an 

20 analog to digital conversion on the second IF signal, to 

provide a second wideband digital tuner output signal; and 

second digital channelization means, being connected to 
receive the second wideband tuner output signal, and providing 
a second set of multiple digital channel signal outputs, each 

25 one of the second set of the digital channel signal outputs 

having a predetermined channel bandwidth which is different 
from the predetermined channel bandwidth of said above 
mentioned first digital channel signals, and each one of the 
second set of digital channel signals corresponding to one of 

so the signals received from one of the mobile units. 

7. A basestation as in claim 6 wherein the first and 
second set of digital channel signals are modulated in 
accordance with first and second air interface standards, 
35 respectively. 
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8. A basestation as in claim 7 wherein the digital signal 
processors include a first set of digital signal processor 
means for demodulating said first set of digital channel 
signals, and a second set of digital signal processors for 
demodulating said second set of digital channel signals. 

9. A basestation as in claim 7 wherein said first and 
second air interface standards are each different one of a time 
division multiplex ( TDMA ) , code division multiplex (CDMA), 
Advanced Mobile Phone System (AMPS) , Personal Communications 
System (PCS) or Groupe Especiale Mobile (GSM). 

10. A basestation as in claim 1 additionally comprising: 
basestation controller means, connected to the time 

is division multiplex switching means and the digital signal 

processing means, for maintaining a list of unused digital 
signal processing means that are not presently interconnected 
through the time division multiplex switching means to one of 
the digital channel outputs, and for dynamically allocating 

20 digital signal processing means from the list of unused digital 

signal processing means to be interconnected to one of the 
digital channel outputs only when the digital channel output 
contains an active signal being transmitted by the mobile unit 
which has not yet been assigned to one of the digital signal 

25 processing means. 

11. A basestation as in claim 1 wherein the time division 
multiplex switching means further comprises: 

a time division multiplex (TDM) data bus including data 
30 lines; 

basestation controller means, connected to the TDM bus, 
and to generate TDM bus synchronization signals and driver 
address signals, the TDM bus synchronization signals used to 
identify access timeslots on the TDM bus; and 
35 TDM bus driver means, connected to the TDM bus, the 

basestation controller means, and at least one of the digital 
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•channel signals, for receiving the TDM bus synchronization 
signals and the driver address signals, for storing the driver 
address signals, and for asserting the digital channel signal 
on the TDM bus when the value of driver address signals 
corresponds to the value of the bus synchronization signals, 
thereby indicating that a timeslot associated with the digital 
channel signal is currently active. 

12. A basestation as in claim 11 wherein the basestation 
controller means, connected to the TDM bus, additionally 
generates receiver address signals, and the time division 
multiplex switching means additionally includes: 

TDM bus receiver means, connected to the TDM bus, the 
basestation controller means, and at least one of the digital 
signal processor means, for receiving the TDM bus 
synchronization signals and the receiver address signals, for 
storing the receiver address signals, and for reading a signal 
asserted on the TDM bus and providing such asserted signal to 
the digital signal processor means when the value of receiver 
address signals corresponds to the value of the bus 
synchronization signals, indicating that a timeslot associated 
with the digital signal processor is currently active. 

13. A wideband basestation as in claim 6 wherein the 
first and second channelizers each comprise: 

a convolutional digital filter, connected to receive the 
respective one of the digitized wideband signals; and 

a fast Fourier transform (FFT) processor, connected to 
receive the output of the convolutional digital filter, and to 
provide the digital channel signals. 

14. A basestation as in claim 1 additionally comprising: 
a second plurality of digital signal processing means, 

connected to receive digital input signals from a communication 
signal source; 

a wideband digital combiner, being connected to receive a 
second plurality of digital channel signals, and to provide a 
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cpmposite digital signal for transmission; 

wherein the time division multiplex switching means is 
also disposed between the second plurality of digital signal 
processors and the wideband digital combiner, the switching 
5 means connecting any one of the second set of digital signal 

processors to any one of the digital channel signals input to 
the combiner; 

a wideband digital exciter, connected to receive the 
composite digital signal and to provide a combined RF signal; 
io and 

a transmit antenna, connected to receive the combined RF 
signal and the radiate the combined RF signal. 

15. A basestation as in claim 14 additionally comprising: 
15 basestation controller means, connected to the time 

division multiplex switching means and the first and second 
plurality of digital signal processing means, for maintaining a 
list of all unused digital signal processing means that are not 
presently interconnected through the time division multiplex 

zo switching means to one of the digital channel outputs, and for 

dynamically allocating digital signal processing means from the 
list of unused digital signal processing means to function as 
one of the first or second digital signal processing means only 
when the digital channel output contains an active signal being 

>5 transmitted by the mobile unit which has not yet been assigned 

to one of the digital signal processing means, or when the 
digital inputs from the communications source are active. 

16. A wideband basestation transceiver including: 

o a wideband digital tuner that provides a wideband digital 

signal at an output ; 

a digital channelizer, connected to the wideband tuner, to 
produce a plurality of sampled channel signals, with each 
channel signal representing signal energy in one of a plurality 
s of radio frequency channels serviced by the basestation; 

a time division multiple-access (TDM) data bus; 
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nieans for selectively connecting the digital samples of 
each channel signal, in turn, to the TDM bus; 

basestation controller means, for controlling the means 
for selectively connecting the digital samples of each channel 
signal to the TDM bus, by so connecting each channel signal in 
a predetermined timeslot, in a predetermined order; 

means, coupled to the TDM bus, for selecting the digital 
samples in a particular timeslot; and for generating a 
reconstructed channel signal thereby; 

means for allocating a demodulator to be coupled to the 
reconstructed channel signal when the associated radio 
frequency channel is active, the demodulator providing a 
demodulated channel signal; 

means for allocating a Tl line encoder to the demodulated 
channel signal, to format the demodulated channel signal for 
transmission over a Tl span line; and 

means for coupling the Tl line to a mobile telephone 
switching office (MTSO) or mobile switching center (MSC) for 
further connection into the public switched telephone network 
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